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Professional paper
Inappropriately disinfected hospital textiles can act as a vector for cross 
transmission of healthcare associated infections, which represent complica-
tions in the treatment of patients and cause economic damage. Through the 
surveillance program that includes controlling the hygiene and sampling of 
cleaned healthcare textiles, nosocomial infections are considered to be pre-
ventable. Until now various types of textile sampling methods were divided 
into non-destructive and destructive methods, which vary depending on the 
state of the fabric at the end of the process. In our research, the Morapex A 
device as a non-destructive elution based method, was introduced for textile 
hygiene testing. The effi ciency of Morapex A device was compared to the 
swabbing and RODAC agar plate sampling as most common used methods 
for sampling of textiles. The low effi ciency of capturing microorganisms due 
to the rough, uneven three-dimensional fabric surface turned out to be the 
downside of the swabbing and RODAC plate method. The Morapex A device 
has proved to be a better implementation and an adequate substitute for non-
destructive textile hygiene testing.
Key words: hospital textiles, hygiene, cleaned healthcare textiles, textile 
hygiene testing, testing methods
1. Introduction
Garments of health care workers are 
an important aspect of the hospital 
environment that can easily become 
contaminated. It has been suggested 
that hospital textiles could be a source 
of healthcare acquired infections, 
contributing to the transmission of 
pathogens both through indirect con-
tact, via hospital staff, endogenously, 
and by means of aerosols [1, 2]. 
Healthcare associated infections 
(HCAI) do not only represent com-
plications in the treatment of patients 
in the hospital, but also cause eco-
nomic damage [3]. Approximately 20 
% to 30 % of nosocomial infections 
are considered to be preventable by 
intensive infection prevention and 
control programs including surveil-
lance [4, 5]. One of these surveillance 
programs is controlling the hygiene 
of hospital textiles. The origin of in-
fection can be an infected person or 
the environment. Microorganisms 
that cause the nosocomial infection 
can be part of the patient’s normal 
fl ora, which during the process of di-
agnosis, treatment and care of immu-
nocompromised patients. The source 
may also be other patients or health 
workers who are infectious. Microor-
ganisms are able to survive on envi-
ronmental surfaces for periods of up 
to several weeks [6], providing a sig-
nifi cant biotransfer / cross-contami-
nation/ cross-infection potential [7] 
that should not be overlooked.
2. Theoretical basis
2.1. Hospital textiles
The characteristics of the textile in 
question, together with humidity and 
heat, can create the right conditions 
for the proliferation of numerous mi-
croorganisms [8, 9]. Inappropriately 
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disinfected textiles can be one of the 
possible sources of nosocomial path-
ogens and are a possible vehicle of 
nosocomial infections [10], since mi-
croorganisms are able to survive in 
the patient’s abiotic environment, 
such as contaminated equipment for 
care, diagnosis and treatment (tex-
tiles) and on surfaces [11]. Surveys 
show that hospital textiles can be the 
source of nosocomial infections with 
streptococci [12], enterococci [13], 
Bacillus cereus [14], staphylococci 
[15] and coliform bacteria [16]. 
Boyce [17] reported that 65 % of 
nurses who had performed patient 
care activities on patients having 
MRSA in a wound or urine had con-
taminated their nursing uniforms or 
gowns with MRSA. Pathogenic bac-
teria such as P. aeruginosa and K. 
pneumonia [18] and C. diffi cile [19] 
were also detected on uniforms of 
physicians and nurses.
2.2.  Healthcare associated 
infections
On the basis of the Report on the 
Burden of Endemic Health Care-
Associated Infection Worldwide that 
included data from results of system-
atic reviews of the literature on en-
demic HCAI from 1995 to 2010 in 
high- and low/ middle-income coun-
tries it is estimated that 4.131.000 
patients are affected by approximate-
ly 4.544.100 episodes of HCAI every 
year in Europe. High frequency of 
infection is associated with the use of 
invasive devices, in particular central 
venous catheters, urinary catheters, 
and ventilators [20]. The impact of 
HCAI implies prolonged hospital 
stay, long-term disability, increased 
resistance of microorganisms to anti-
microbials, a massive additional fi -
nancial burden for health systems, 
high costs for patients and their fam-
ilies, and excess deaths. In Europe, 
HCAIs cause 16 million extra-days 
of hospital stay, 37.000 attributable 
deaths, and contribute to an addition-
al 110.000 every year. Annual fi nan-
cial losses are estimated at approxi-
mately € 7 billion, including direct 
costs only. In the USA, approximate-
ly 99.000 deaths were attributed to 
HCAI in 2002 and the annual eco-
nomic impact was estimated at ap-
proximately US$ 6.5 billion in 2004 
[20]. In large studies conducted in 
France, Germany, and Italy included 
in above mentioned review, of 13.954 
isolates, the most frequently reported 
pathogens in intensive care unit-ac-
quired infections were: Staphylococ-
cus aureus (21.8%); Enterobacte-
riaceae (20.2%); Pseudomonas spp. 
(17.2%); enterococci (10.0%); Es-
cherichia coli (9.1%); Candida spp 
(8.8%); coagulase-negative staphylo-
cocci (7.0%); and Acinetobacter spp 
(5.1%) [21, 22, 23, 24].
2.3.  Methods for sampling 
of hospital textiles
Detecting microorganisms on textiles 
is useful for many purposes, for ex-
ample to determine the bioburden on 
used textiles before laundering proce-
dures, assessing the reduction of bac-
terial counts in connection with vari-
ous laundry procedures, or trace 
transfer routes in infection control 
investigations [25]. In the recommen-
dations of Centers for Disease Con-
trol and Prevention and the Health-
care Infection Control there is a re-
port about the absence of microbio-
logic standards for laundered textiles, 
so no rationale exists for routine mi-
crobiologic sampling of cleaned 
healthcare textiles and fabrics. Sam-
pling may be used as part of an out-
break investigation if epidemiologic 
evidence suggests that textiles, fab-
rics, or clothing are a suspected vehi-
cle for disease transmission. Sam-
pling techniques include aseptically 
macerating the fabric into pieces and 
adding these to broth media or using 
RODAC (replicate organism detec-
tion and counting) plates for direct 
surface sampling [26]. In the Euro-
pean Union, the Certifi cate of quality 
and hygiene in laundry published by 
the Research Institute Hohenstein, 
Germany and authorized by the Ger-
man Institute for quality assurance 
and certifi cation (RAL) serves as an 
important recommendation for hospi-
tal laundries [27]. It follows the Rob-
ert Koch Institute requirements that 
indicate textiles as one of the critical 
control points where the sampling 
with RODAC agar plates should be 
conducted [28].
Until now, two basic types of textile 
sampling methods, which vary de-
pending on the state fabric at the end 
of the process, have been described:
• Non-destructive methods, in which 
the test fabric remains essentially 
unaltered after sampling:
 – impression sampling, specifi -
cally RODAC or contact pla-
ting [29],
 – release of fabric-bound dust 
and cellular particles onto ste-
rile sampling surfaces by scra-
ping with an inverted petri dish 
(sweep plating) [30],
 – sampling by means of nutrient 
agar cylinders - sausages [31],
 – sampling by impact upon the 
fabric surface (percussion sam-
pling) [32],
 – the use of a Folin bubbler ap-
paratus with attached funnel 
[33, 34].
• Destructive methods, in which the 
test fabric is rendered unsuitable 
for use after completion of the 
sampling process:
 – maceration [33, 35, 36] of fa-
bric samples in a defi ned liquid 
medium,
 – agitation [37, 38, 39, 40] of fa-
bric samples in a defi ned liquid 
medium,
 – overlaying fabric samples with 
agar [38, 41].
The German company, SedoTree-
point GmbH [42] reports about some 
typical and already used applications 
with the device called Morapex A for 
testing fabric (woven, nonwoven, 
knitted, yarn or fi ber), paper and 
leather materials on a non-destructive 
basis. Typical Morapex A applica-
tions are pH measurement, control of 
wash procedure, wash and water fast-
ness checks, perspiration fastness 
checks, residual analysis (including 
size, alkali, acids, salts, peroxide, for-
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maldehyde, etc.) and conductivity 
analysis. Based on our research [43, 
44, 45], Morapex A also has proved 
to be an adequate substitute for textile 
hygiene testing as it is a non-destruc-
tive elution based method.
3. Experimental
Our recent research work [43, 44, 
45], has been focused on the effi cien-
cy of different textile sampling meth-
ods for detecting selected HCAI 
pathogens (i.e. Clostridium diffi cile, 
Staphylococcus aureus, Klebsiella 
pneumoniae, Pseudomonas aerugi-
nosa).
The experiment presented in this ar-
ticle is described in detail in previous 
articles and was carried out as fol-
lows. The sterile fabric pieces were 
artifi cially contaminated with a sus-
pension of selected microorganisms 
(Staphylococcus aureus, ATCC 
25923 and Klebsiella pneumoniae, 
ATCC 13883) and then left in the 
laminar fl ow cabinet for 24 hours to 
allow the applied suspension to dry. 
Inoculated swatches were sampled 
with four different methods:
 – swabbing with cotton swabs pre-
treated by dipping into a prepared 
NaCl and Tween 80 solution;
 – RODAC contact plates prepared 
with selective agar for each of the 
microorganisms;
 – destructive elution method where 
a inoculated fabric was transferred 
to a centrifuge tube with prepared 
elution solution for shake-out me-
thod;
 – Morapex A device where inocula-
ted fabric was placed between two 
plates and the elution solution was 
pressed through the fabric.
4. Discussion
The effi ciency of four sampling me-
thods is represented graphically in 
Fig. 1 and Fig. 2 for S. aureus and K. 
pneumoniae.
Swabbing results: Summarizing the 
results, swabbing method provides 
the lowest effi ciency for retrieving 
microorganisms from textiles. The 
effi ciency of swabbing is reliant on 
the effi ciency of the individual carry-
ing out three aspects of the proce-
dure: the removal of bacteria from the 
surface; the removal of bacteria from 
the swab, and cultivation of bacteria 
[46]. In addition, the properties of the 
surface (topography, wettability, po-
rosity, etc.) can affect the effi ciency 
of swabbing [7], which is also the 
case when taking samples from tex-
tiles. It was found that the cfu cap-
tured from inoculated fabric (with 
swabbing) was approximately 105 cfu 
/ mL lower than the initial applied 
concentration of microorganisms be-
fore 24 hour drying. Although swab-
bing is a widely used sampling meth-
od, it lacks the standardization re-
quired to provide the level of repro-
ducibility and, as our research shows, 
it also gives the lowest results among 
the methods tested in our survey for 
fabrics [43]. Lusardi et al. [47] car-
ried out a laboratory investigation 
and validation of methods for sam-
pling contaminated uniforms and 
work-wear; they report that the swab-
bing method gave low and inconsist-
ent recoveries, which is probably 
because swabs are generally designed 
to access surface bacteria on wounds 
or work surfaces rather than reach 
contamination within the fi bres of a 
material. Also the sampling head has 
a small surface area and may become 
overloaded.
Results using RODAC contact plates: 
The surface sampling method using 
RODAC contact plates fi lled with ap-
propriate agars is one of the common 
used surface (also textiles) sampling 
methods [29] for direct contact sam-
pling of surface contamination. The 
RODAC plate method has found 
wide acceptance and use in a variety 
of areas where sanitation and con-
tamination level are important, par-
ticularly in institutional areas, such as 
hospitals and food production and 
service facilities. Th e use of RODAC 
plates for surface sampling can be 
valuable in the fi eld because of its 
simplicity, reliability, and transport-
ability, particularly in estimating the 
bacterial contamination on fl at sur-
faces [48]. The effi ciency of this 
method depends on the evenness of 
the surface tested [49] and because 
the structure of a fabric, due to the 
mechanical combination of warp and 
weft, a relatively small contact area is 
available. This is clearly seen in re-
sults from our survey [43], where the 
cfu captured from the inoculated fab-
ric (with RODAC plates) were also 
Fig. 2  Sampling Klebsiella pneumoniae with various textile 
sampling methods
Fig.1  Sampling Staphylococcus aureus with various textile 
sampling methods.
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approximately 105 cfu / mL lower 
from initial applied concentration of 
microorganisms before 24 hour dry-
ing. Sampling with RODAC agar 
plates also has proved to be the least 
effective in our research [44] and has 
provided much less effective and also 
less reliable results. The lowest initial 
applied concentration of microorgan-
isms before 24 hour drying that can 
still be detected with RODAC plate 
sampling was approximately 104 cfu 
/ mL [45]. Low counts of microor-
ganisms covered by the RODAC 
plate technique appear in several 
studies [50]. B. Eriksson et al. [51] 
report much lower counts from im-
pression plates (RODAC agar plates) 
than those from the elution method 
and therefore conclude that the con-
tact plate technique in inappropriate 
for determination of bioburden on 
textiles. The other problem obtained 
with our work was that when sam-
pling fabrics with higher initial con-
centration of microorganisms, count-
ing the cfu on RODAC plates was 
very diffi cult or even sometimes im-
possible. This is why contact plates 
are more successful if a selective cul-
ture media is used for particular indi-
cator microorganisms on a surface, as 
suggested by P. J. Egington et al. [52]. 
If surfaces are rough or wet, the sam-
pling is inaccurate, or the resulting 
growth on the agar may be confl uent 
[52]. The usefulness of RODAC 
plates can be limited to surfaces with 
lower microorganism concentrations 
or for verifying whether a microor-
ganism is present or not at all.
Results of the elution methods: Much 
better results were obtained when us-
ing both the destructive elution meth-
od and the non-destructive elution 
methods using Morapex A device, 
where the cfu captured from the in-
oculated fabrics (with elution) were 
approximately 103 cfu/mL lower than 
the initial applied concentration of 
microorganisms before 24 hour dry-
ing [43]. Viable plate counting after 
the destructive elution again proved 
to be the second most effi cient out of 
three investigated methods [44]. Ac-
cording to H. J. Cody et al. [54], the 
elution method has excellent overall 
recovery effi ciency, is easily per-
formed, and yields reproducible re-
sults under a variety of test condi-
tions, bacterial species, seed concen-
trations and fabric types. Our results 
also confi rm these conclusions. The 
destructive elution method, although 
providing recovery data comparable 
to that of the maceration method, is 
simpler, quicker, and less expensive 
to use. H. J. Cody et al. [54] suggests 
that the elution method can be used 
as a simple and accurate method for 
enumerating fabric-associated bacte-
ria and will permit assessment of bac-
tericidal characteristics of laundry 
procedures. The downside of this 
method is that it belongs to a group 
of destructive methods, where a piece 
of fabric must be cut out of the sam-
pling object, which means that the 
test fabric is rendered unsuitable for 
use after completion of the sampling 
process. So this method can be par-
ticularly useful in the laboratory cri-
teria, but it cannot be used in a real 
environment.
The Morapex A device is able to ana-
lyse and therefore control either raw 
or dyed material in minutes rather 
than hours, compared to standard 
methods. Morapex A is a compact 
test device for use in production and 
can operate up to 95° C; the multi liq-
uor option is able to operate with a 
wide range of wash liquids. When 
using the Morapex device for eluting 
microorganisms from inoculated fab-
rics [43], the effi ciency was similar to 
the classical elution method. Cfu cap-
tured from inoculated fabric (with 
Morapex) were approximately 103 
cfu / mL lower than the initial applied 
concentration of microorganisms be-
fore 24 hour drying. The system 
worked according to the method of 
forced desorption, which means the 
inner condition of a fabric was re-
vealed. The testing material was 
placed between two metal plates; the 
test liquid was pressed through the 
fabric and then collected in a tube. 
Such testing is possible at any stage 
of production, for example, on in-
coming fabrics, intermediate analysis 
during production, analysis of fi n-
ished goods, research and develop-
ment checks, the effect of process and 
equipment adjustments, etc. In our 
research, the device has also been 
tested for the detection of microor-
ganisms; therefore it can also be used 
as an effi cient and non-destructive 
method for checking the hygiene of 
textiles, which is an important aspect 
in preventing nosocomial infections. 
The obtained extract can be analysed 
quickly and easily and the tested fab-
ric remains essentially unaltered after 
sampling and can therefore be reused 
in the real environment.
5. Conclusion
Detection limit of bacteria is very im-
portant since hospital laundry only 
needs to be ‘hygienically clean’, that 
is free of pathogenic microorganism 
in numbers suffi cient to cause human 
illness [37]. Most methods for sam-
pling microorganisms on textiles 
have certain limitations. The down-
side of the swabbing and RODAC 
plate method is the low effi ciency of 
capturing microorganisms due to the 
rough, uneven three-dimensional fab-
ric surface. The most applicable 
methods are the methods that work 
on the principle of eluting microor-
ganisms from textiles as microorgan-
isms in the fabric are also collected. 
The Morapex A device has proved to 
be a better implementation for textile 
hygiene testing in a real environment 
as it is a non-destructive elution based 
method.
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